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Abatract 

Operation of concentric, cylindrical altctrode, aluualnua cathode typ« aerles 
•park gap» at SCI and AKW eondltiona 1B discussed. These gaps are shown to 
1)« satisfactory for operation cuder several combinations of bleb power, high 
repetition rate, and high pressure; but that in general tbe voltage range 
which can be relied on over 500 hours is quite small for operation at high 
values of these quantities tr.ken sicultenuously. In all cases, atteapts to 
reduce tbe time Jitter to the order cf 1$ at  tbe pulse width have been un- 
successful. Jitter of 1 to } jatec  is to be expected - 

The lapulse ratio of these gaps when new for a 20 kv/nsec rate of rlae 
of voltage Increases fron 1.62 to 1-93 ln raising the pressure froa $0 to 
250 ea. During operation at 1155 ppa, 1 jusec, and 21 lev ln a 50 oha circuit, 
tbe pressure of gaps filled Initially to 150 CJ has been obaerved to decrease 
by aa auch aa 8.8£. This decrease la found to be due largely to the lose Of 
hydrogen and not argon. However, cbangas ln pressure due to loaa of gaa dar* 
log operation nave a relatively small affect 0.1 the range aa determined by rev 
filling and rateatlng gaps after f>00 hours operation. 
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I. Introduction 

The development work on cylindrical elecirode. aluminum cathode type 
series spark gape reported hers hag b-v-.i carried out In cooperation with 
the tfestinghouse Electric Coapaoy under the terms of OSED contract OBMsr-709- 
Their work is summarised elsewhere*. 

The development of gaps to operate in a line type modulator capable of 
supplying 0-5 megawatt to a magnetron load was first undertaken. As the power 
requirements of radar seta increased, the power level at which work was done 
on this type gap was Also increased. It was found that these gap* would oper- 
ate over a very wide rango of conditions with certain limitations on operating 
voltage range- Although operation of these gaps Is satisfactory for «any com- 
binations of high power, high repetition ret», and high pressure, In general, 
the voltage range which can be relit; on is quite small for operation at high 
values of these quantities tok?n simultaneously- In all cases, attempts to 
reduce the tixa Jitter to the order of Xj»  of the pulse width have bean unsuc- 
cessful. Jitter of the order of 1 to 3 usac is to be expected. 

II. Operation at SCI Conditions 

The SCI radar sets are the Radiation laboratory ^reproduction models of 
the SX production unite built by the Soneral Electric Company, aach sat re- 
quires two modulators. One le for esnrch purposes and is required to operate 
at ljasec pulse duration and a repetition rate of 390 pps. The other Is for 
height finding and is required to operate at 1 jisec and 1170 pps with a pro- 
vision for switching to 390 pps for searching if and when desired. The search 
and height finding sets use an HK? 1 n1 HI5 magnetron respectively.  Initial 
plans were to op er- ie the search and 11 F. sets at 3 nl>d 2 megawatts respec- 
tively into the magnetrons requiring operating modulator switch or network 
voltages of 29 and 2'* kv respectively- These powers were later lowered to 
2 and 1 megawatt respectively which lowered the required switch voltages to 
?'i and 17 kv.  This decrease in power was necessitated by unsatisfactory opera- 
tion of the magnetrons at the higher powers. 

A. Precroduction iij&iO 

Photograph 1 of Plat-• I is a print of an X-ray of a prsproductlon WL}ZUo 
series ,;or.  The outer electrode 3 an aluminum cylinder which serves as the 
cathode, and the inner electrode is nn iron rod serving as the anode- The 
inside diameter of the cathode is 1.0" and the outside diameter of the anode 
is "*C"  A drop of Ba.lr solution is placed at the bottom nf the cathode to 
provide bank-ground loaization to aid in starting these gaps which was found 
necessary for good starting of similar gaps operated at lower voltages--about 
12 kv across 3 gaps in series. At these higher voltages required for SCI, It 

'jsi.G.F. Arnott, "uevelopment of Series Spark flaps", January 1, I9U3 to Jon« JO, mkH 
Diviaion lU, H3RC Report Ho. 327 

H.Q.T.  Arnott, "Final Report on Contract OEMer-709", July 12, 15U5,  Division lU, 
NDRC Report No. byh 
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it believed that ther•: is sufftsient c-.-onp. present is the tube to produce 
Ionisation for starting without the Ra.Br. 

Fi,-uro 1  shows  ranne vs    operating ti.ie for three of these gaps operate* 
In series in a line nod'ilatcr with a 5° cl,a network and 50 ohm resistance load 
at 390 pps and ljisec.    Kach gaj was filled to 1/5 cm actual pressure with 8C> 
hydrogen and ?(*•» argon.    Meg • ' ■•    switch voltage was used with a positive trig- 
ger voltage pulse coupled to th<   lower intermediate point.    Six megohm divid- 
ing resistors and a 6Ö ri r trigjor coupling condenser were used     It was later 
found that coupling the  trigger to bain int»mediate points would lower VBin 
and "«tart out have negligible effect on VMX after 50 to 100 hour« opeiatloi 
Two-point triggering is to be preferred and is being used in these aodulatora 
Operation of the gaps MM still «atipfactory at JOC- hours,    V^ax ** tne amxl 

Dun voltage at which the switch would operate without prefiring, and ?Bin the 
minimum voltage at which it would operate without missing,as determined by ob- 
serving the resonance charging switch voltage on an oscilloscope.    &?5 **  trigger 
voltage was required to obtain maximum range with these gap*-    Trigger voltar» 
is measured by e substitution mefhod.    Figure 2 shows three methods of coupling 
the trigger to three of these gaps in series.    It Is necessary to use three gaps 
in series since the IMMJI obtained with two is not sufficient at high powers 
where there is considerable '"hn.v ,c iu the range during operation,    the input 
capacitance fr3.11 point i   tc grout-d was measured to be 15 janf.    a capacity volt 
age divider, also having )'., j:yf input  capacitance to ground, mas substituted 
Tor the gaps at point P and the tri^er voltage measured.    Thus,  the trigger 
transformer was loaded the same during the measurement as during operation of 
the fcacs      This gives one acpx-oxlnateiy the actual voltage presented to the 
gaps.    This substitution method la made necessary by the fact that this and 
other similar hi^b voltage,  low energy trigger circuits are sensitive to load- 
ing.    The trigger circuit used Is as nhown.    Satisfactory design procedure has 
been found tc be to noke Via }0p where Cp a n^C».    n is the turn« ratio of the 
pulse transformer,  I. and C0 is the opacity load on the secondary of T, «bout 
15 uuf.    Three transformers satisfactory for use as T are In production,    ".'he 
KSJbO and JT2730* are the SX and AKW transformers respectively manufactured by 
th> General Einet -lc Company.    Tbey are rated for 35 mnd JO lev retcectlvely. 
The 2'Uh» is a transformer designed for general laboratory testing to give 
35 lev on 15 ju,uf up tc 2000 pps and 2-   lev up to 1*000 pps.    Meetinghouse manu, 
factures this unit.    <>;   can r-p charged through a resistance from the mala or 
auxiliary power supply, or it can be choke, or choke-diode charged from an 
auxiliary supply.    The trigger pulse shape is not critical.    The rate of rise 
with the above transformers varies from }8 to 55 kv/jiaec.with no added Induc- 
tance in the plate circuit of the ''C35 hydrogen thyretron.    60 jxh added In 
this circuit reduces the rate af rise to about ft of these values.    Natters 
pertaining to rate of rise and also design data for these and other transformers 
with higher rates of rise are discussed in connection with work on the Iron 
sponge - mercury cathode Berles gap where rate of rise la important from the 
standpoint of obtaining minimum time Jitter.* 

*J.  H.  Xiilllnger,  "Operation of Sintered Iron Spougo Mercury Cathode Type 
Series Uaps at SCI, AS«*, and 5 jisec Conditions", November 28,  19U5. 

Figure 2 
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Figure 3 «now» change» in rang« with time for a set of three of the«« 
«ftp* filled to 175 em and operated at 1170 pps and 1 jiaec In a 50 ohm cir- 
cuit.    At 105 hours,  it wa« necessary to lower the «witch voltage tn order 
to «top the kick outs.    Operation within 1.5 kv of TmP» at these condition« 
la not satisfactory due to kick out«.      The trigger was coupled to the lcwer 
Intermediate point.    Table X shows the range of three new tuba« at 1010 fpe 
with 8* 1.5 megohms and C = 60 ,»uif.    A and B are for the trlgge?« coupj --d es 
in a and b of figure 2 respectiirily. and Cj is for c with the trigger polarity 
opposite to that of the switch voltage and Cg with the trigger polarity the 
saaa as the switch voltage.    The variations in VaHX with trigger coupling can 
be accounted for fron the standpoint of voltage division for given values or 
a. f. and C. 

TABLE I 

V* 
A                        B cl c2 

370            3"»-0 32.0 32.0 

%ia 17.8            17-6 X*»-5 1U.0 

T»tart 11.0             11-7 9-0 9-5 

U>w«r values of VBln and 'ttart wlth two-point triggering show that this 
method 1« advantageous froo this standpoint.    Two point triggering at high 
power is daeldedly batter than slngjs>--ppint triggering although this is not 
apparent from comparisons made on new tube 1,  fr,r after the anodes get rough 
and 'an*  has cone down,   7-ax ie essentially '..he same regardless of how 'lie trig- 
ger Is coupled, but »nln «nd Tstart  remefu Jower for twn-poir.t  tri^gerin^     Divi- 
sion of voltage and trigger coupling is diecussB-J  In socie detail elsewhere.* 

Photograph 1 of Plate IX »hows txe anode of one of the three tubes »n 
which the data of Figure 3 were taken-    Dur In,; operation of these ..'<ps,  rlual 
uuffi  is eroded fro« the rathorte,   transferred to    aril deposited on the anr.de 
Under many set« of operating oou.1ltl.ica  thi* auo.Ie build-up remains sufficiently 
»couth so as not to serlou.il> affect ran&e over at least 500 hours.    However, 
the combination of high power,  high pressure,  and high repetition rate eccoant« 
for this rough anode build-up which in turn accounts for the large drop In 'a,^ 
'.'.'he more fundamental aspects of cathode erosion and anode build-up In these 
tubes ara discussed elsewhere t 

One set of gaps filled to lJjO on pressure had a fumx of }fy kv at 500 pps 
and 23 kv at 13OO pps.    Measurement of the rate of energy dissipation In each 
gap filled to 175 cm pressure and operated at 1000 pps anu 1 usec, with a mea- 
sured peak current jf ?^0 amps gave 90 watt«.    Further consideration to dissl 

•J.  R.  Dillinger. F.  K. iothwell,   'division of Voltage Across '->rle« Spark dap« 
. . a Mine Type Modulator".  fi-L    Report 682-2, Octobjr 41,  iyi*^>- 

P)    ««   1)1.linger,  "Qeuerai Cnaracterlst ic« 01 kuexosed bparfc Qaps with «aphasia 
in Aluminum Cathode Typ» Serie« Caps', H.L. Report 682 3, lovaaber ?l. Aul»>,. 
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pat ion,  etc.   1« glveu 9i*<?yhere * 

B      .WW" Spacing Tube 

Three tabes,  slullar to the preproduction WXJ21J0 except with X.317" ID, 
cathodes and .Ig?- 0.8. nuodes i;   [Lv t.^e spacing .UUo*) were filled to 150 c« 
pressure with SOJb 3JJ and 20*/ A an-' operated at 1170 ppe and 1 jieee In a 50 oh» 
circuit with the trigger coupled to the lover Intermediate point.    Two megohm 
dividing resl$tor& and a 60/yxt coupling condenser were need,    figure *» shows 
changes In range with tiro, and photograph 2 of Plate II Is a print of an X. raj 
of one of these tubes after 5OO hours operation.    At 500 hours the tubes were 
repuaped, baked, and refilled.    The en:l-clsd data shown at 900 hours were taken 
after the tubes had been refilled, showing that pressure changes had been insig- 
nificant from the standpoint of affecting range- 

C.    The 1B«»5 

Photograph 2 of Plate I 1* a print of an X-ray of a production nodal Wtj?-1 ; 
gap manufactured by the tfastinghcuae Electric Company- This gap filled to 175 CM 
pressure with 80£ K2 aol ?0jC A is a 1B^. It has a drop of HaBr solution at the 
bottom of the cathode- Figure 5 shows range vs- tine for operation of three of 
these gaps in series at 1170 .ops and } Msec In a 50 aho circuit. There were 23 
kick outs during this 280-hour test. Bangs at eaoh time was taken In each of the 
three ways referred to In Figure 2 as indicated,"a" referring to coupling at tae 
lover, "Vto the upper, and "e* to bcth intermediate points. Values of B and C used 
were 2 megohms and 60 tiaf respvettvaly  Photographs } and U show the anodes of 
two of these tubes after 280 hours of operation, figure 5 shows that two-point 
triggering Is definitely better for operation of these gaps under conditions at 
which there Is considerable anode roughening. Vai„ and 'start (the dashed lines 
are Vgtart) •*"• considerably lower. Fowerer, VMJt is generally higher with the 
trigger coupled to the lower point, particularly so when the gape are new. These 
gape were operated with the trigger coupled to the lower point for the flret 200 
hours and with It coupled to both points thereafter. 

Figure 6 shows range TS. time for 3 of these gaps operated at 11/0 pps and 
1 usec In a 50 ohm circuit with an HI5 mugnatron load. At 20.5 kv switch voltage 
the measured input to the magnetron was 1.6 aogawatts and 1.1 aegawatts at I/.5 kv. 
At 16 aegawatts the magnetron sparksd very badly, and Its life wae about 50 hours 

I At IS hours the trigger was changed from being coupled to the lower point to being 
coupled to both points which accounts for the ehlft In range. Operation of theee 
gaps at 17.$ kv appears to be quite reliable for at least 500 hours with a euffl 
clently wide range for aost purposes with double-point triggering. 17.$ kv is the 
present SX level- 

0. Grooved Anode Tubes 

Figure 7 shows range vs. time for three of these gaps filled to 173 cm 
pressure and operated at 1170 ppe and 1 uoec in a 50 ohm circuit. Theee gape 
were of the same geometry as that shown la photograph 1 of Plate I except the 

•B. 0. Fluharty, J.  R. Dlllloger, 'Dissipation in Series Spark Gaps and Voltage 
Current Relationships Oaring the Discharge", R.L. Beport 682-1, Auguet Jl, 1^5 
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anodes of that« gaps were M those shown In photograph 3 of Plato X. the 
tricar was coupled to tho lover point. Photograph 5 of Plate XI ahowa the 
anode of one of thai« gape after 333 hoara of operation. The build-up la 
quite rough, and the distribution of sparking waa not very good a« la the 
ease In most of theae gap«. It waa believed that the center groove« vonld 
reduce the amount of »perking at the end and «o reduce the end build-up. 

I. Grooved Anode and Cutaway Cathode Tube« 

figure 8 ahowa range T«. time of three gaps filled to 155 cm and operated 
for 300 hours at 1170 pps and 1 JI*«C in a 50 oho circuit. The geometry of 
these gap« was aa shown in photograph 3 cf Plate X. The geometry Is the saae 
as that of the production VK}SU0  except that the anode i« grooved and the oathode 
1« cutaway opposite the end of tho ancle. Cutting away the cathode opposite 
the end of the anode increases the breakdown voltage for a given pressure such 
that a set of the«« gap« filled to 1U0 CD pressure wa* observed to have the 
«aae range a« a set of production Vi}Zko gaps filled to 175 cm. Photographs 
6 and 7 of Plate II «how anodes of two of thai» tubes after 300 hour« opera- 
tion. Share were 25 kick outs. Bange was taken each tite with all three way« 
of trigger coupling with a, b, and c cf Figure 3 corresponding to tho«a of 
Figure 2. Theae data again «how that two-point triggering gives the wldeet 
operating range. 

F. fflmO Ind-Sparking Tubes 

Figure 9 «how« range /e. lice for three gap« a« shown in photograph h 
of Plate I operated with the trigger coupled to both point« at 1170 pps and 
1 jisee In a 50 ohm circuit. Ihere were 60 kick out« distributed over the 
whole 500 hour«. The cathode cf each of these gaps was a pellet of a sintered 
mixture of tungsten and barium oxide t/Hh nickel for a binder. The low work 
function of this sinter reduces the cathode erosion rate by a large factor. 
These gap« ware hard to start after being loft inoperative for «one tine, In- 
dicating the presence of some sort of surfacs activation process. 

HI. Operation at AW Condition» 

The modulators for the Aft' radar «et require a «witch to operate from 
13-b to 15.5 kv at 300 pps and S> n»«c  in a 25 ohm circuit making the peak 
current «bout 30° amp«. This 1« a ««lf-aynabroaou« system,so small tlae 
Jitter Is not required. 

A. lBlfl 

Three production MX32I1O gaps filled to 90 em pressure (the UUl) operate 
quite satisfactorily at these conditions.    The Jitter 1« of the order of 2 to 
3 msec.    Trigger voltage of 20 kv, as measured on a 15 unf load. Is sufficient 
to obtain mmJtlattm rang«.    One set of theae gap« were operated for 1000 hours 

688-KUt 
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tutor theae conditions with a resistance load. The »age reaained a« food 
ai or better than 12 to 16 kv during this taat with tba trigger coupled to 
tho lower point. Two otbar sets of gap« wara oparatad at 15.0" Jrr giving 
2 aw Into an HX7 nagnetron load for 500 and 660 hour» respectively, figure 10 
•howa range va. tlae for one of theae aeta with the trigger coupled la each 
of the three way». It la teen that two-point triggering la to be preferred. 
Photograph 8 of Plato II ahowa the anode of one tube after 660 hour« opera- 
tion. The anode build-up under theae condition» Is very smooth. When the 
VX32I1O gaps are operated at condition« under which the anode build-up la 
•Booth as show here, the range and operation of these gaps are quite satis- 
factory, and the life very long Indeed—In excess of 1000 hours. 

IT. The Hjjg 

The IBU9 Is a production aodel VX32U0 as shown In photograph 2 of Plata X 
filled to 110 ca. This gap Is used in soae equipment developed b/ the national 
Research Council of Canada. Three of these gaps la series should aaiataln • 
range at least aa good as 1$ to 20 kv for over $00 hours at 700 ppi and 1 naee 
la a $0 oha circuit. 

'• lapulse nation vs. Pressure 

Table II gives d-c breakdown voltages, lapulse breakdown voltagea with 
a rate of rise of voltage = 20 kr/jitec, and lapulse ration for production 
*X32llO gap» filled to three different pressures with Wj> H» and 200 A with 
Haflr added. 

TAKJE II 

Pressure 
OBI 

lapulse 
Breakdown kv 

d-e 
Breakdown kv 

lapulse 
«atlo 

90 13.« 8.5 1.62 

175 29.0 15-5 l.*7 

250 32.0 16.6 1-93 

49 25.6 16.8 152 

An «ttaapt was Bade to operate a 90 ca gap In aeries with a 250 ca gap. 
Since the d-c breakdown of two 90 ca gaps In series = that of one 250, It was 
believed that a 90 and 250 ca gap In aorles should give the sane range aa three 
90 ca gaps. It Is possible that the range ve. life alght remain slightly better. 

6*2-»»-15 
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for it if believed that VmaJt csraes down due to randon corona condition« la 
one or nor« gaps.    these cause partial collapse of the gap accompanied by 
an overroltage of the other gap«, which can cause a prefire.    Seducing the 
number of gape would re-luce the number of variables.    However,  the higher 
pressure would make the anode build-up rougher in that tube. 

It was found that the range of three 90 as gaps was 21-0 to 11.0 and 20.5 
to 12-5 for a 90 and 250 en in series with the voltage divided la the ratio 
of 1 to 2.    The fact that V        ie higher with the 90-250 coabination ean be 
explained on the basis of the impulse rptio being higher for one 250 ea tube 
than for two 90 cm tubes,  even though the d-c breakdowns are the same,  la 
supplying the higher trigger voltage to the 250 cm gap required to break It 
down, a higher voltage than normel is impressed on the 90 ea gap In the re- 
verse direction which breaks it down nt higher switch voltage (Vain) than it 
the case when operating three 90 oa gaps with the lower lspulse breakdown. 

VI. Pressure Change with l»lfe 

Since the kovar end cups of these tubes operate at a high teaperature, 
it was suspected that a possible loss of hydrogen through the kovar light 
account for son« of the decrease in Voaz.    At 1000 pps. 1 Msec, 250 naps aa 
at 'KJO pps,  1 usec, 300 amps,  the kovar temperature in a 28°C ambient was 
measured to be 225°C and >75°C respectively. 

To check this,  the presnir* was censured in sis tubes at various tines 
during operation mud the gas also ana;.; zed.    The pressure was neasured by 
sealing the tube onto a vacuuo system pud breaking the seal-off tip with a 
magnetic hammer.    By letting the gas expand into a known volume aad knowing 
the volume of the tube,  the pressure could be calculated'    The gas was analysed 

| by weighing a standard flask ea.pt/ and then full rf the gas at a known pres- 
sure     Results obtained b/ this method agreed with those obtained by absorb. 
ing the &z over a PdCl solution.    Satisfactory results were not obtained by 
is filing the gas over hot copper oxide and weighing the HgO formed, nor by 
;t.ting lithium in the presence of a eaople of the gas and aeasurlag the pree- 

|«'i:v change as the Hg combines with the Li. 

Six electrodeless glass bulbs and sir preproductlon MX32U0 tube« were 
I filled at the sane tire from the saa<-' tank of nominally 80jf hydrogen and 20^ 
■argon gas to the same pressure (ik&.B cm) at the sane teaperature.    Measure- 
licent of pressure in the six electrodeless bulbs showed each value to vary 
Iby lees thaniO-EjJ from the average value     The average gas compos it ion was 
ISO ff/> hydrogen aad 19-2)1 argon with maximum variation of any tnbe from this 
lor * o.i*;. 

The six tubes were then operated for verloue times at 1155 ppe.l nsec, 
lau-i 21 kv in a circuit with a 50 ohm network aad 50 ohm A load. Pictures of 

ides taken at 100. hOO, and 500 hours are to be aeen In mediation laboratory 
leport 682-3. The data of Table III show the results, negative and positive 
values represent a loss and a gala respectively. Pressures wer» corrected to 
the filling temperatures- 

Msvh-i» 



tau z» 
■ours 

Ban 
Chance in Pressure 

From The Average 

0 -0.2* 

5 i 0.3$ 

100 -32* 

.265 - 2.5? 

1*00 -1.7* 

500 - 5.8JC 

The Increase at 5 hours Is large compared to the fluctuations la tha 
measurements on the standard bulb;. It represents at iacreaaa of lk ma 
from tha average value, and since the .laxlnnm variation from this value wa» 
* 3 an, there Is aa Increase of at least 8 ca which cannot t/e disregarded. 
This could be due to gaset having been driven oat of the Metal parts, the 
losses In pressure showt are not serious fror: the stturtpoint, of affecting 
range. Impurities driven out of the elect:odes night be expected to affect 
range; however, one set of &>ips was refilled, and the range was not affected 
as shown In figure •». 

The tube which was run 500 hours ran the last 290 hours with a hole la 
the cathode. Operation with such a hole In the cathode has been observed 
to increase the erosion rate by a fecor of J.    (See Radiation Laboratory 
Report 682.3). If the loss of gas IG assacUted with the erosloa of aloal- 
num, this could account for that value being disproportionately high. This 
increase In the loss of gas after a hole appears In the cathode had been ob- 
served previously oa tubes with Less accurately controlled fillings. 

Measurements of gas composition parsed fairly well with calculated per- 
centages of Ho and A assuming only £2 was lost and in sufficient quantity to 
account for the measured pressure loss. The 1 »cults certaiiijy showed that 
the number of molecules of Hg lost «AS large compared to the number of A mole- 
cules lost and/or the nuabcr of molecules of foreign gas gained. This Is 
true even after talclLg into consideration the k  to 1 ratio of Eg *° * »ole- 
cules present initially. 

Calculation oX the ratio }f &g molecules lost to A molecules lost gave 
negative results in some cases whiih could be accounted for by tha number of 
foreign molecules of gas gained being greater than tha number of A molecule« 

6*2.h..<8 



lost.    This work was not carried further since neither gas lomi nor driving 
Impurities out of the electrodes appeared to account for an appreciable aaonnt of the chance In range observed during operation. 
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ABSTRACT: 
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cases, attempts to reduce the time jitter were unsuccessful. 
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